In this research raw date palm trunk fibers were used to adsorb cadmium ions from aqueous solutions. The date palm trunk fibers are considered as agricultural waste which is available in huge quantities in the Kingdom of Saudi Arabia. In order to assess the feasibility and the efficiency of using this as an adsorbent, a series of experiments were conducted in a batch adsorption method. The effects of the process variables such as fiber size, mixing rate, mixing time, temperature, solution pH and adsorbent dose on the adsorption capacity of date palm fibers were studied. The results obtained indicated that the adsorption capacity of Cd 2þ increased from 29.06 to 51.1 mg/g as the particle size decreased from 875 to 100 μm. It was found that the adsorption capacity of Cd 2þ decreased in the strong acidic medium and increased rapidly as the solution pH increased from 1.69 to 3.71. The adsorption capacity was observed to have an insignificant change on raising the temperature from 12 to 34 W C and increasing of mixing speed from 100 to 500 rpm. Also, one very important finding of this research is that the equilibrium time of the adsorption process is very short.
INTRODUCTION
Therefore, there is a necessity to develop low-priced adsorbents which are available in large quantities in nature. In the literature there are many reported applications of economic natural adsorbents for the removal of toxic heavy metals from wastewaters such as zeolite (Moattar & Hayeripour ) , sediments of rivers (Jain ) , peanut hull (Ashour ), rice husk (Abdelwahab et al. ) , bentonite (Faghihian & Yazdinejad ) , waste tea leaves (Ahluwalia & Goyal ) , almond shells and olive stones (Spahisa et al. ) .
In the Kingdom of Saudi Arabia there are huge amounts of agricultural waste and by-products from date palm trees.
The by-products present as date stones and trunk fibers.
This provides a great opportunity to use these agricultural wastes as adsorbents for wastewater treatment. In the literature some research efforts are reported about using activated date stones as adsorbents (Essa et al. ; Al-Sharyani ) . However, no attention has been paid to using date palm trunk fibers as adsorbents.
The aim of this work is to investigate the potential of using raw date palm trunk fibers (without any treatment) to remove cadmium from aqueous solutions. The effect of process parameters such as contact time, pH, stirring rate, fiber size, temperature and adsorbent dosage are experimentally investigated.
EXPERIMENTAL PART Materials
Materials which were used in this research include cadmium nitrate (from BDH). The standard solution was made by dissolving 2.74 g of reagent grade Cd (NO 3 ) 2 .4H 2 O to a 1 L volumetric flask about half full of distilled water. The flask was swirled to dissolve the solids and was completed to mark with distilled water and the flask was inverted many times for homogeneous mixing of the solution. The concentration of this solution is 1,000 mg/L. It was diluted to required values with distilled water. Sodium nitrate (from BDH) was used as an ionic strength adjuster (ISA). This solution was prepared by adding 425 reagent grade sodium nitrate to a 1 L volumetric flask about half full of distilled water. The flask was swirled to dissolve the solid, and then was filled to the mark with distilled water.
The flask was upended several times to mix the solution.
The adsorbent used in this study was fibers which were collected locally from different types of palm trees. The adsorbent was washed three times with tap water with good rubbing to remove all foreign materials, filtered out and then soaked in distilled water for 10 minutes and filtered out again. The adsorbents were placed in the drying oven at a temperature of 105 W C overnight. The adsorbents were ground using a kitchen grinder and sieved with a mechanical sieve. The different fractions collected were dried out in a drying oven at 105 W C (overnight). They were cooled down and stored in sealed glass bottles for further use.
Methods
The experiments were performed in a set of 100 mL Erlenmeyer flasks where solutions of cadmium (50 mL) were placed in these flasks. The solution pH was adjusted using NaOH (0.01N) and H 2 SO 4 (0.01N) to the required values and measured using the pH meter/ion meter (Accumet XL-60).
Equal masses of adsorbent measured to the fourth decimal point using analytical balance (Kern ABS/ABJ Version 1.3) were added to the solutions and stirred using the shaker (IKA Yellowline RS/OS 10 Control). The temperature was controlled at 12.4, 22 and 35 W C by placing the whole shaker inside the incubator (Cole Parmer) that was pre-set at the required temperatures. At the end of each time interval (3 hours), the adsorbent was separated from adsorbate by filtration. The filtrate was analyzed for cadmium. A control was used for every conducted experiment. The mass of the cadmium adsorbed per mass of adsorbent (adsorption capacity) at any time t was calculated as follows:
where q e , is the adsorption capacity, C 0 is the initial concentration of cadmium, C t is the concentration of cadmium at any time (t), V is the volume of the solution (l ), and x is the mass of dry adsorbent used (g).
The concentration of cadmium in aqueous solution was measured using a cadmium ion selective glass electrode (Cole Parmer). The electrode was calibrated daily according to the instructions of the manufacturer and every 2 hours if the measurement was performed through the whole day.
The calibration process was performed using three cadmium solutions that were expected to cover the concentration range of cadmium (usually 10, 50, 100 mg/L). Two milliliters of ISA was added for each 100 mL of sample and standards to adjust the ionic strength. This ISA must be added during calibration and cadmium measurement. The measurement was performed during continuous stirring of the solutions.
The electrode was rinsed with distilled water and blotted dry between every measurement. The dried electrode tip was immersed in the solution and the measurement was taken when the reading was steady.
For determination of the point of zero charge, PZC, 50 mL aliquot of CO 2 -free distilled water were adjusted at different pHs from 2 to 12 using NaOH and H 2 SO 4 in 150 mL The surface morphology of the date palm fibers samples was examined using SEM (JEOL-JSM 5300) at different magnifications.
RESULTS AND DISCUSSION
Surface structure
The pore structure of the date palm fibers can be clearly seen from the SEM photographs (shown in Figure 1 ). The availability of pores and internal surface is necessary for an effective adsorbent. The SEM photograph shows that a wide variety of pores is present in the adsorbent along with fibrous structure. It is evident that the surface morphology of the adsorbent was different before and after adsorption. The adsorption takes place inside the pores. The presence of adsorbate deposits is also seen on the pores of the adsorbent.
FT-IR spectroscopy
The FT-IR spectrum is shown in Figure 2 . The functional groups of the adsorbent and the corresponding infrared absorption bands are shown in Table 1 . As shown in Figure 2 and Table 1 , the spectrum displays a number of absorption peaks, indicating the complex nature of date palm fibers.
The band indicates the presence of -OH groups, C-H aliphatic groups and C-O groups.
Effect of particle size
The measured adsorption capacity as a function of adsorbent size is depicted in Figure 3 . The adsorption capacity of palm fibers for Cd 2þ removal increased from 29.06 to 51.1 mg/g as the particle average size decreased from 875 to 100 μm for an initial concentration of 300 mg/L Cd 2þ solution. The adsorbent size is an important parameter influencing the capacity of adsorption as it has a direct effect on the surface area available for adsorption. The efficiency of the adsorption process is higher at larger available specific surface areas. Smaller particles have greater specific surface available for adsorption, and thus adsorption capacity for cadmium increases as particle size decreases. On the other hand, the diffusion resistance to mass transport increases for larger particles. This might contribute in increasing the resistance for Cd 2þ ions to reach the internal pore surface of the particle. Consequently, the amount of Cd 2þ adsorbed is reduced.
Effect of pH
The effect of pH on measured adsorption capacity and on adsorbent surface charge are depicted in Figures 4 and 5, respectively. The adsorption capacity of palm fibers for removal of cadmium ions from aqueous solution decreases in the strong acidic medium. The adsorption capacity increased rapidly as the solution pH increased from 1.69 to 3.71. As Figure 4 shows, a constant and highest adsorption capacity (q e ¼ 60 mg/g) was achieved over the pH range 3.71-7.81. However, at higher pH, the precipitation as Cd(OH) 2 (S) operates as the mechanism of removal of the Cd (II) ions. Therefore, all the adsorption experiments were conducted at pH 7.81. The zero point of charge value indicated in Figure 5 must be taken into 
Effect of temperature
The effect of temperature on the adsorption capacity of Cd 
Effect of adsorbent dosage
The mass of adsorbent per 100 mL of the wastewater is an important issue that influences the adsorption capacity and economy of the process. From an economic point of view, it is very important to achieve certain removal efficiency with minimum adsorbent dosage. Minimum costs for the system depends on an optimum adsorbent dosage as this influences the cost of the sequential regeneration units.
The influence of the adsorbent dose on the cadmium adsorption capacity and percentage removal was experimentally studied. The measured adsorption capacity and percentage removal as a function of adsorbent dosage is depicted in Figure 6 . As can be seen from Figure 6 , when the adsorbent mass increased, the adsorption of cadmium decreased and the percentage removal increased. The optimum mass of adsorbents was found to be 0.09 g per 100 mL of the solution. At this optimum value, 78% removal of cadmium can be achieved. This value indicated that the application of date palm fibers can be considered as economic as small quantities are needed to remove cadmium from water due to its high adsorption capacity. 
Effect of stirring speed

Effect of stirring time
Experiments were performed to determine the effect of time for adsorption capacity of cadmium ions. The results are depicted in Figure 8 . The adsorption capacity of cadmium on date palm trunk fibers was found to be high in the initial period of contact time (10 minutes) and then the change in the capacity become smaller with an increase in contact time. These results indicated that palm tree trunk fibers can adsorb cadmium ions very rapidly.
The fast adsorption process enhances the feasibility of the process to be applied in wastewater treatment facilities as the operating time to separate cadmium ions is small and thus the cost of the process can be minimized. Figure 8 shows that the value of the maximum adsorption capacity achieved after 240 minutes is 54.57 mg/g.
The reported adsorption capacity of the raw palm fibers in 
